Heavy metal contamination in soils is a major environmental concern that affects large areas worldwide. Agricultural practices have been the main source of heavy metals in soil such as lead, chromium, arsenic, zinc, cadmium, copper and nickel. Plants can uptake this toxic metals and have evolved defense mechanisms to avoid or minimize damages. Exposure to toxic metals can intensify the production of reactive oxygen species (ROS), which are continuously produced in both unstressed and stressed plants cells. Some of the ROS are highly toxic and must be detoxified by cellular stress responses, if the plant is to survive and grow. Heavy metals contaminated plants cause losses in crop production and risks for human health. Thus, this review aims to compile some information about research work on concentration of heavy metals until they reach the food chain for transferring to crops.
Introduction
Soils contaminated with heavy metals have become one of major environmental problems around the world (Gratão et al., 2015) . The contamination may occur due the industrial expansion, mine tailing, combustion of fossil fuels, spillage of petrochemicals, disposal of high metal waste (eg. Batteries), atmospheric deposition and agricultural practices (Khan et al., 2008; Zhang et al., 2010 , Liu et al., 2016 . As a result of which anthropogenic, such as fertilizers, biosolids, pesticides and wastewater, pollutants have overloaded the system and natural equilibrium has been disturbed. Agricultural practices may accumulate high levels of potentially heavy metals in soils, which may have significant consequences for the quality of plant health, soil biological processes and thus through bio magnifications enter the human body as well. Current literature has shown several definitions for heavy metal based on atomic number, chemical properties, density and toxicity. Heavy metals constitute an ill-defined group of inorganic chemical which exhibit metallic properties, including transition metals, metalloids, lanthanides, actinides and five times the specific gravity of water (Sharma, 2014) . The most common heavy metals found in soils sites are lead (Pb), chromium (Cr), arsenic (As), zinc (Zn), cadmium (Cd), copper (Cu) and nickel (Ni) . Most metals may persist in soils for a long time after their introduction because they not undergo microbial or chemical degradation (Kirpichtchikova, 2006) . Some of these heavy metals are micronutrients necessary for plant growth, although most of them are toxic.
There is a tenuous line about a micronutrient be toxic or benefit for plants health, they are delivered to the shoots often within minutes of absorption. Certain metals such as iron, manganese, molybdenum, copper, zinc, and nickel have demonstrated at least one specifically defined role in plant growth, so that plants fail to grow and reproduce normally in the absence of that element (Emamverdian et al., 2015) . However, high concentrations of these metals can disrupt critical physiological processes and result in toxicity. Plants can uptake some elements without known biological functions and toxic at low concentrations, such as cadmium, arsenic, chromium, mercury and lead (Peralta-Videa et al., 2009) . In order to cope with different heavy metals, plants possess defense systems to manage the metalimposed oxidative challenge. However, up-regulation of these mechanisms and biomolecules may depend on plant species, the level of their metal tolerance, metal type and plant growth (Emamverdian, 2015) . In this work, scattered literature was utilized to review the possible sources of heavy metal contamination by agricultural practices, their effects on plant metabolism and consequences to environment and risks to human health.
Sources of heavy metals in contaminated soils by agricultural practices
Heavy metals rates depend on the geological characteristics of soils and occur naturally in point sources in limited areas (Shubhra et al., 2015) . Anthropogenic activities lead to the imbalance in geochemical cycles of metals, due to the disturbance and acceleration of nature geochemical cycle of metals (D'Amore et al., 2005) . Furthermore, chemical compounds have been added in agriculture soils and most soils may accumulate amount of heavy metals capable to generate risks to plants, animals and human health. In order to obtain maximum yields, agricultural practices have been adopted through the uncontrolled use of inorganic fertilizers, biosolids from slugged and manures, wastewater and pesticides which can increase heavy metals content in agricultural soils and consequently can affect plant metabolism.
Inorganic Fertilizers: Macronutrients and micronutrients are essential to complete plant lifecycle. Generally, agricultural soils do not provide all nutrients, thus large quantities of fertilizers are regularly added to commercial farm soils to provide all nutrients for plant growth. However, the overuse or misuse of fertilizers in agriculture contributes to environmental deterioration and pollution, once the compounds used to produce fertilizers contain trace amounts of potentially toxic heavy metals (eg. Cd, Pb, As, Cu) (Zahra et al., 2010 , Sakizadeh et al., 2016 . Studies conducted by Wangstrand et al. (2007) have demonstrated that nitrogen fertilization increase Cd concentrations in soil and plants. Phosphate fertilizers also are a significant source for contaminate soils with pottentialy toxics elements such as Cd, F, Hg and Pb (Guo et al., 2006; Moraes, 2009) and As (Channa, 2015) . Moreover, phosphate fertilizers are hazardous to rural community expose to this product, which may be causative factor of chronic kidney disease (Channa et al., 2015) . Phosphate rock used for the manufacturing of fertilizers is mainly composed of phosphorous and minutely of many other relevant micronutrients for plants such as Mg, Mn, K, Na and Co. Nevertheless, it also contain environmental pollutants as Cd, Cu, Cr, Ni, Pb and Zn (Sabiha-Javied et al., 2009) , which brings disadvantages to the soil equilibrium.
Maximum levels of toxic heavy metals allowed in fertilizers in several countries are summarized in Table 1 . Table 1 -Maximum levels of toxic heavy metals allowed in fertilizers in several countries (1) .
Country
As Cd Pb Hg 
Phosphates (2) The allowed amount of As, Cd, Pb and Hg in fertilizer ranging from As = 2 -250 mg kg -1 , Cd = 8 --300 mg kg -1 , Pb = 20 -200 mg kg -1 and Hg = 0,05 --5 mg kg -1 . These values are variable among the countries due they specific fertilizer law. Interestingly, Austria and Australia have the highest allowed Cd concentration in phosphate fertilizer. Cd occurs naturally in phosphate rocks (Roberts, 2014) . The International Fertilizer Development Center (IFDC) summarized Cd content of phosphate rocks obtained from 35 sedimentary deposits in 20 countries (Van Kauwenberg, 2001; Roberts, 2014) . Data for countries among the top world producers was summarized by Roberts (2014) and shown in Table 2 . Roberts (2014) .
It seems that concentration of Cd can vary widely between countries and within deposit in the same country. According to Roberts (2014) , the overall average of Cd concentration for sedimentary deposits was 21 mg kg -1 with a range of less than 1 to 150 mg kg -1 . Compared to with non-phosphate containing rock, sedimentary phosphate rock deposits are about 69 times more enriched with Cd (Roberts, 2014) . Data from 11 igneous phosphate rock deposits in 9 countries surveyed by IFDC showed an average Cd concentration of 2 mg kg -1 and were enriched 7.5 times crustal abundance (Roberts, 2014) .
The world production of phosphate fertilizer is approximately 85% from sedimentary deposits. Varying amounts of Cd in the phosphate rock move through the beneficiation and acidulation processes during fertilizer manufacture (Roberts, 2014) . Amounts transferred depend on the manufacturing process. For ordinary (single) superphosphate (SSP) produced by reacting phosphate rock with sulphuric acid and triple super phosphate (TSP) produced by acidulation of the phosphate rock with phosphoric acid, all of the Cd in the phosphate rock is transferred to the SSP or TSP. According to Roberts (2014) , depending on the phosphate rock source, SSP can contain from 2 to more the 40 mg kg -1 and TSP can have from less than 10 to over 100 mg kg -1 Cd content.
Moraes (2009) studied the transfer of heavy metals such as Cd, Cr, Ni and Pb to rice and lettuce plants using different source and levels of phosphate fertilizers. The concentration of Cd in grains increased with application of phosphate fertilizer as shown in Table 3 . Although the toxic heavy metals added rates have been high, however, the metals concentration in the grains did not exceed the values espoused by the Coodex Alimentarius. The levels of heavy metals in grains ranged in mg kg -1 : Cd, 0.004 to 0.148; Cr <.006 to .062; Ni, 0.3 to 2.0, and Pb <0.002 to 0.039. According to Kabata-Pendias & Pendias (2000) , the natural values for toxic heavy metals in lettuce leaves are Cd, 0.66 to 3.0 mg kg -1 ; Cr <1.5 mg kg -1 and Pb, from 0.7 to 3.6 mg kg -1 . Lettuce plant is considered an accumulator of heavy metals, particularly Cd, which is toxic level in leaves 10-95 mg kg -1 (Malavolta, 2006) . Table 3 -Available phosphorus and cadmium in upland rice grains growing in Oxisol containing different phosphorus sources fertilizers.
Treatments
Phosphorus content Cont. Table 3 Treatments Phosphorus content (1) Abbreviations: OA -Organic acids. The amount of Cd applied was calcuted based on Cd content in fertilizersources multiplied by mass of each product necessary to achieve the levels of P; OA: Cd extracted in organic acid; DTPA: Cd extracted in diethylenetriaminepentaacetic acid; LSD: least significance difference; ***; **; * and ns: significant at 1%, 5%, 10% e non-significant, respectively. The chemical analysis were done in triplicates. Source: Moraes (2009).
In Brazil, according to Anvisa (1965) , the maximum concentration of Cd in foods consumed in natura is 1 mg kg -1 . If consumed in crudely form, such as vegetables the result must be expressed in the fresh weight and in the case of rice grains, eaten after cooking, the result is expressed in dry mass. Chemical analyzes result for rice and lettuce produced in Brazil range from 0.002 to 0.55 mg kg -1 DW for lettuce and 0.001 to 0.060 mg kg -1 DW for rice grains (Masironi et al., 1977; Lenzi et al., 1990; Santos et al., 2004) .
The evaluation of Cd, Ni and Pb only in the shoot part of young plants could have positive correlations with heavy metal concentrations in the edible parts of food, as has commonly been reported in studies conducted in Brazil (Gonçalves Junior & Pessoa, 2002; Armelin et al., 2008) . However, evaluating the edible part, in this case grains, and compared with the legislation on maximum permissible levels of contaminants in foods is possible to evaluate and diagnose the potential entry of toxic metals in the food chain. Rodella (2005) reports that the risk assessment has been used as a tool to quantify the potential impact of contaminants via fertilizers supply in United States. In addition, it must be considered that plants have mechanisms to prevent translocation of toxic heavy metals to grains (Kubota & Campen,1992) . Genotypic variations in the accumulation of toxic heavy metal in the grains have been observed in several crops, including rice (Arao & Ae, 2003) , being able to select plants with lower levels of heavy metals toxic in the edible part (Grant et al., 2008) . The influence of factors such as the genotypic variation in the toxic heavy metal content in rice grains are summarized in Table 4 . To better understand the problem of heavy metals added to soil via fertilizers is fundamental importance the effort to set up long-term field experiments.
Biosolids: The use of biosolids (eg. livestock manures, composts and sewage sludge) is an interesting organic fertilizers used in worldwide to improve soil quality and reclamation of degraded lands (Larney & Angers, 2012; Lu et al., 2012) . Besides giving a destination for municipal wastes, biosolids is considered a nutrient source of organic carbon (Torri, 2014) and improves soil fertility (Scharenbroch et al, 2013 , Tytla et al., 2016 . However it is important to know the composition of materials used, once the quality of biosolids varies widely. An incorrect biosolids application in agricultural soils leads to accumulation of heavy metals such as As, Cd, Cr, Cu, Pb, Hg, Ni, Tl, Sb (Basta, 2005) . Therefore, analysis about heavy metals contents should be strictly checked. Despite the increasing quantities of organic wastes, as biosolids, being applied to land, there are few studies about ecotoxicological risks of this practice (Domene et al., 2007) . Application of biosolids onto forest land is often preferred to agricultural land because the biosolids can increase tree growth without the risk of contaminants entering the human food chain (Magesan & Wang, 2003) . However, the biosolids-derived heavy metals were strongly retained in the soil and the litter layer.
Wastewater: In development countries, wastewater is commonly used a source of irrigation water due to water scarcity for crop production (Scheierling et al., 2010) . Moreover, the population growth and urbanization resulted in an increase of wastewater generation from domestic, commercial and industry sector and the reuse of wastewater in agriculture can reduce the potential for rivers and seas pollution (Qadir et al., 2007a; Asano et al., 2007) . Some estimates have demonstrated that 20 million hectares in 50 countries are irrigated with urban wastewater (Scott et al., 2004) and about 80% of the generated wastewater in developing countries was used for the same matter (Cooper, 1991) . The use of wastewater in agriculture also brings benefits to soil, providing nutrients and organic matter for a high crop production with low costs to farmers (Hanjra et al., 2012) . On the other hand, there are wide risks to the environment in use of wastewater for irrigation (Qadir et al., 2007b) , such as add pathogens in soil (Kazmia et al., 2008) , saline salts (Li et al., 2009 ) and excess nutrients (Kalavrouziotis et al., 2008) . Furthermore, there are great risks of soil contamination with toxic heavy metals (Murtaza et al., 2008) , which affects food quality and human health (Hanjra & Qureshi, 2010; Cao et al., 2016) . Untreated wastewater used for prolonged period in irrigation is one of the main sources of heavy metals pollution (WHO/FAO, 2007) resulting in heavy metal accumulation in a toxic level. In surface soil of farms irrigated with wastewater are common found heavy metals higher than the safe limits, such as Cd, Cr, Pb, Ni, Zn and Mn (Shaheen et al, 2015) . A research in Bangladesh indicated that even in irrigation with clean water the concentrations of toxic elements such as Cu, Fe, and Cd were above the safe limit set for the agricultural purpose (Ahmad and Goni, 2010) . The severity of the negative effects of wastewater irrigation depends on its source, composition and management (Drechsel et al., 2009 ). Public agencies must consider implementing of programs addressing known and potential effects to consumer and environment (Qadir, 2010) , giving advice for farmers to be aware of the health risks associated with using wastewater for their crops (Keraita et al., 2010) .
Pesticides: Pesticides have greatly improved agricultural and horticulture production world-wide for protecting plants against vector-borne diseases and pests. Nevertheless, the extensively fairly use of these products also bring disadvantages. Pesticides contain substantial concentration of metals, which contaminated soil with greatly exceeds background concentrations in long-term applications (Kelepertzis, 2014) . For instance, elements such Cu, Hg, Mn, Pb and Zn was common compounds approved for use as insecticides and fungicides in UK in a recent past (Raymond, 2011) . Several studies report that the application of pesticides may be a common source of Cu, Mn, Zn, Br, Sr and Ti in Gaza soils (Shomar, 2006) , Cu, Cr and As in Australia and New Zealand soils (McLaughlin, 2000) and Cu, As, Pb and Zn in China topsoil (Tao et al., 2008) and Denmark (Jorgensen et al., 2005) . The uncontrolled use of pesticides may result in environmental problem, mainly in contamination of agricultural soils with heavy metals. Thus, is important governmental agencies establish scientific rules about the correct application form to avoid damages to environmental and human health.
Effects of some heavy metals on plants
It was showed that plants can uptake heavy metals. Although, Zn, Ni and Cu are benefit in minutes concentration, few studies address about benefit levels to crop production. Poor et al. (2015) indicated that sorghum with application of 0.1 mu M CuCl2 enhanced the maximal CO2 assimilation rate and increased soluble sugar content in all plant tissues; however, the transport of Fe and Mn was negatively affected. As well as, Zn applied at 6 mg kg -1 was suitable dose for enhancing plant growth and quality of lily cut-flower (Shaheen et al., 2015) .
Nonetheless, a huge number of studies reposts that low concentrations of these metals cause injury in any metabolism process such as seed germination and plant development. The redox metal can generate oxidative damages, which leads a high ROS production, resulting in cell homeostasis imbalance (Flora, 2009 , Emanverdian et al., 2015 . Non-redox metals can also disrupt plant metabolism indirectly by inhibiting antioxidant enzymes inducing ROS production and decrease glutathione levels (Emanverdian et al., 2015) . The Table 5 illustrates the available of some heavy metals in soil to plant uptake, accumulation and negative effects in plants. Strategies to defense plants against heavy metals Plants may uptake essential and nonessential elements from soils in response to electrochemical potential gradient of the plasma membrane in the root cells or by diffusion of elements in the soil. The level of heavy metals accumulation differs between species and there are different defenses strategies to plant avoid heavy metal contamination. The first line of defense is exclude excess bioavailable metals at their roots by binding them to organic acids or storing them within vacuoles where they cannot interfere in important physiological processes (Hossain et al. 2012; Gall & Rajakaruna 2013; .
Other plants can accumulate or exclude heavy metals such as Cd by trichomes, improving the tolerance against this metal (Lavid et al., 2001; Lee et al., 2002; Hauser, 2014) . A group of plants, such as Brassicaeae (Gall & Rajakaruna, 2013) , tobacco (Choi et al., 2001) , willows and poplars (Utmazian et al., 2007) are known as metal hyperaccumulators. These plants can tolerate and accumulate bioavailable metals in tissues and shows a high ability in metal uptake (Van der Ent et al., 2013; Pollard et al., 2014) . However, when these defenses is not enough, plants active other mechanism to deal with heavy metal uptake which will be explained below.
Antioxidant defense mechanism employed by plants against heavy metals stress
Heavy metal is a cause of abiotic stress in plant. In general, toxic elements are uptake by plants, altering cellular redox balance and induce oxidative stress (Yadav, 2010; Arenas-Lago et al., 2016) . The impact of oxidative stress on plant metabolism is intricate, causing a serious imbalance in cell homeostasis with damages in tissues and consequently losses in crop production (Sytar et al., 2013) . Reactive oxygen species (ROS) is products of metabolic pathways/reactions occurred in various cellular organelles such as chloroplasts, mitochondria and peroxisomes (Anjum et al., 2010 (Anjum et al., , 2011 . The reduction of molecular oxygen results in generation of ROS such as singlet oxygen, superoxide radicals, hydroxyl radicals, hydrogen peroxide and peroxide radicals, which are commonly produced in low concentrations in plant metabolism (Demidchik, 2015) . Indeed, disturbances in equilibrium between production and scavenging of ROS generated in presence of heavy metals may increase ROS production at intracellular levels, which can cause damage to proteins, lipids, carbohydrates and nucleic acids (Noctor, 2014; Gill & Tuteja, 2010) . ROS, as a result of abiotic stress, is a major cause of losses in crop production in global scale (Mittler et al, 2002; Tuteja et al, 2010) . It is important for cell to avoid the high concentration of ROS thought the detoxification mechanisms to minimize eventual damages. Thereby, these defense systems are composed by nonenzymatic and enzymatic antioxidants thus interrupting the cascades of uncontroleed-oxidation by scavenging ROS. The antioxidant defense systems comprises antioxidant enzymes such as such as superoxide dismutase (SOD, E.C. 1.15.1.1), catalase (CAT, E.C. 1.11.1.6), glutathione reductase (GR, E.C. 1.6.4.2), peroxidase (POD, E.C. 1.11.1.7), ascorbate peroxidase (APX, E.C. 1.11.1.11) and guaiacol peroxidases (GPX, E.C. 1.11.1.7) as illustrated in Figure 1 , as well as non-enzimatic antioxidant such as ascorbic acid (AsA), glutathione (GSH), a-tocopherol, carotenoids and flavonoids. (Gratao, 2005; Maleva et al., 2009; and proline (Chen, 2005; Zarei, 2012) .
Heavy metal in crop production and potential risks for human health
Food is the most common source of heavy metal for humans around the world, due to crops grown on heavy metal contaminated soils (Luo et al., 2009) . Metals are bind with negative-charged particles of soil, once metals can detach, enter in the soil solution and become bioavailable to plants (Neilson & Rajakaruna, 2012) . Once uptake by plants, this metal may accumulate in plant tissues and prejudice food security. In populations which consuming regionally foods the contamination risks are higher. For example, subsistence farmers who live in soil contamination. In this case, the heavy metal in their diet is not diluted with food from other non-contaminated areas, while food source produced in contaminated and non-contaminated areas and heavy metal content predominate in low levels in developed cities (Chary et al., 2008) . Agricultural practices add heavy metal in soil and recent studies indicate health risks in consumer cereals and vegetables cultivates in contaminated soils (Salehipour et al., 2015) . For instance, sewage sludge increases the concentration of Cd, Cu, Pb and Zn more than the permissible levels allowed by EU standards and UK guidelines in maize and tsunga (Muchuweti, 2006) . Khan et al. (2008) reported about Cd, Pb and Cr contamination in vegetables cultivated with wastewater irrigation near industrialized areas with atmospheric pollution. High levels of metals (Cd, As, Pb and Mo) in some vegetables could be due to unnecessary use of fertilizers and wastewater (Ahmad et al., 2015) . It was also informed that pharmacological medicinal plants cultivated with wastewater showed considerably higher metal contents compared with plants cultivated with clear water (Malik, 2015) . Moreover, high concentrations of potentially toxic metals such as Cd, Pb and As was found in edible mushrooms in China (Liu et al., 2015) . Even rice shows high concentrations of Pb and As, which represents carcinogenic health risks (Omar, 2015 , Ma et al., 2016 . Products derived of plants also can transfer heavy metal to human body. For example, wine shows Zn and Cu concentrations higher than the toxicological safety limits due to vines receive antiparasitic treatments content heavy metals (Volpe, 2009) . Moreover, cigarettes are huge source of heavy metals for humans, once tobacco plant retains heavy metals into the leaves (Agoroaei et al., 2014) . Elevated heavy metals concentrations in vegetables may be transfer to food wed and pose serious health risks to humans. Metals (e.g., Cd, Pb and As) can cause mutagenesis and several diseases, as carcinogenesis, problems in the immune system, inhibit growth and fertility (Swarup & Dwivedi, 2002; Alonso et al., 2002; Mahajan et al., 2012) . Considering that toxic heavy metals insert by food can cause adverse health effects in human, recent studies have recommended dietary supplements for people at risk of Cd and Pb exposure (Zhai, 2015) . There are uncountable source of heavy metal though food chain, therefore is important people aware about risks and avoid soil contamination.
Figure 1 -ROS-scavenging pathway. SF, stromal factor: PS1, photosystem I; GR, glutathione reductase; APX,ascorbate peroxidase, GPX, glutathione peroxidase; SOD, superoxide dismutase; CAT, catalase; MDHAR, monodehydroascorbatereductase, DHAR, dehydroascorbatereductase. Source: Gratão et al. (2015) .
Future perspectives
There are massive pressures on agriculture to satisfy the food demand for world population and increase crop yields. In response to this demand, crop producers have adopted intensive agricultural practices which can contaminate environment with heavy metals. Therefore, is extremely necessary to formulate appropriate agricultural public policies at a world level to enhance the extension services and educate farmers about better management risks without having a negative effect on the food security and human health. 
